There is a great deal of anecdotal evidence that college football games can lead to aggressive and destructive behavior by fans. However, to date, no empirical study has attempted to document the magnitude of this phenomenon. We match daily data on offenses from the NIBRS to 26 Division I-A college football programs in order to estimate the relationship between college football games and crime. Our results suggest that the host community registers sharp increases in assaults, vandalism, arrests for disorderly conduct, and arrests for alcohol-related offenses on game days. Upsets are associated with the largest increases in the number of expected offenses. These estimates are discussed in the context of psychological theories of fan aggression.
Introduction
College football is enormously popular in the United States, and there is evidence that its appeal is growing. In 1998, college football games attracted 37.4 million spectators. By 2006, attendance had risen to 47.9 million.
1 Nineteen of the 20 largest stadiums located in the United States are devoted to the sport, and there are plans to expand the capacity at a number of college football stadiums in the coming years.
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As the popularity of college football increases, so do concerns with regard to the behavior of its fans. According to observers, the charged, "winner-take-all" atmosphere often leads to violent behavior and even riots (MacDonald 2004) . In an effort to discourage heavy drinking and "associated unruliness" during and after games, the majority of Division I-A schools currently prohibits stadium sales of alcoholic beverages (Wieberg 2005) . In August of 2005, the National Collegiate Athletic Association (NCAA) recommended that all schools ban the sale of alcohol at sporting events.
Despite anecdotal reports that college football games lead to aggressive and violent behaviors among spectators, there has, to date, been no attempt to systematically document the phenomenon. Moreover, there has been surprisingly little study of the effect of other types of sporting events on such behaviors, although a number of psychological theories suggest that sporting events in general, and especially those that involve high levels of violence, might cause fans to act more aggressively than they would otherwise.
In fact, previous empirical research provides only limited support for the hypothesis that sporting events are causally related to violent or aggressive acts. For instance, Drake and Panday (1996) examined data on child abuse cases from Missouri in 1992. They found no evidence of a relationship between playoff games in the four major professional sports (baseball, basketball, football, and hockey) and reports of child abuse.
Similarly, Sachs and Chu (2000) failed to find a statistically significant association between professional football games and domestic violence dispatches in the county of Los Angeles over a three-year period (1993) (1994) (1995) . White et al. (1992) examined the relationship between games played by The Washington Redskins, a professional football team, and emergency room admissions at two hospitals in northern Virginia over a twoyear period (1988) (1989) . One of the 2 hospitals recorded a statistically significant spike in emergency room visits by women the day after Redskin victories, but there was no evidence of a relationship between game days and emergency room admissions at the other hospital.
Perhaps the best evidence of a link between sporting events and fan violence comes from two studies of prizefights and homicides. Phillips (1983) collected information on eighteen championship heavyweight prizefights that took place during the period [1973] [1974] [1975] [1976] [1977] [1978] . He found evidence that the U.S. homicide rate increased significantly 3 days after a prizefight. Miller et al. (1991) reanalyzed the data collected by Phillips (1983) , confirming this basic pattern of results. Although the three-day lag suggests that the estimated relationship between prizefights and homicides could be spurious (Baron and Reiss 1985) , the work of Phillips (1983) and Miller (1991) has been used to buttress the claim that individuals are capable of reacting quite violently to sporting events viewed on the television as opposed to in person. 3 Here, we examine daily offense data from 26 police agencies over the course of 6 football seasons (2000 to 2005) . Each of these agencies had jurisdiction over a community in which a Division I-A college football team played its home games. Our interest is in whether assaults and other offenses such as vandalism departed from their normal pattern on game days. Specifically, we examine changes in the number of offenses reported by a particular police agency when the football program located in the community under its jurisdiction played a home game, and the change in offenses when the program played an away game. In addition, we investigate whether the outcome of the game affects the estimated relationship between games days and offenses, and explore the role of team rank. Finally, we experiment with introducing lags into the empirical model.
Our results suggest that the host community registers sharp increases in assaults on game days. In addition, there is evidence that vandalism, arrests for disorderly conduct, and alcohol-related arrests increase on game days, but no support for the hypothesis that away games are related to offenses. The largest estimated effects are found when an upset occurs, defined as when an unranked team beat a ranked team or when a lower-ranked team beat a higher-ranked team.
Some portion of the relationship between home games and offenses may be mechanical in nature, due to the fact that home games often attract a temporary, but substantial, influx of people from outside the host community. However, the results with regard to upsets suggest that fans react to the outcome of games. In the next section we discuss the potential links between sporting events and crime, paying special attention to the psychological theories of spectator aggression.
Sporting Events, Aggression, and Drinking
Clemson University is located in the small town of Clemson, South Carolina.
Approximately 17,000 students attend Clemson University, and the town has a population of approximately 12,000. Yet, Clemson Memorial Stadium, which can seat more than 80,000 football fans, is often filled to capacity.
Obviously, college football games have the potential to draw thousands of spectators into relatively small communities. As the number of individuals in a community increases, so too do the opportunities for disputes and altercations having nothing to do with football. Our interest, however, goes beyond this sort of mechanical relationship. If away games, which presumably do not draw many spectators from outside the local community, are associated with changes in the number of offenses reported, this would suggest a more complex relationship between sporting events and crime. A similar argument could be made if the outcome of a game is found to affect the number of offenses.
Several theories from psychology offer explanations for aggressive, even criminal, fan behavior. For instance, Bandura (1973) posited that aggression can be viewed as a response to environmental stimuli such as televised violence. According to Bandura's social learning theory, under the right circumstances, simply observing a sporting event can be enough to trigger an act of aggression, regardless of the outcome of the event. 4 In contrast, the frustration-aggression hypothesis predicts that fans will react aggressively only when their favorite team loses. According to the frustration-aggression hypothesis, first proposed by Dollard et al. (1939) , acts of violence or aggression are the result of being thwarted in an effort to attain a goal. 5 Cialdini et al. (1976), Branscombe and Wann (1992) , and Wann (1993) also predicted that fans would be more likely to commit an aggressive or violent act in the event of a loss than in the event of a victory. Cialdini et al. (1976) described fans as attaching themselves to particular team, basking in the "reflected glory" of a victory, but reacting to a defeat almost as if they themselves had been on the field of play. Branscombe and Wann (1992) and Wann (1993) focused on the negative shock to self-esteem experienced by the dedicated fan whose favorite team loses a game. According to these authors, aggressive behavior after such a loss can be viewed as an attempt to recoup self-esteem. 4 See Bandura (2007) for a review of social learning theory. Our discussion of the psychological theories of fan aggression also borrows from Wann et al. (2001 ), pp. 108-120. Wann et al. (2001 , provided a hypothetical example illustrating social learning theory in the context of a sporting event:
when a football fan sees his favorite player deliver an especially vicious hit on an opposing player and receive praise for doing so, the spectator might be inclined, given sufficient provocation, to model the same behavior on the obnoxious opposing team's fan seated a few feat away.
To date, few empirical studies have attempted to distinguish between the above theories. Goldstein and Arms (1971) asked male spectators a series of questions designed to gauge their level of hostility before and after a game between the U.S. Military and Naval academies. The authors found a comparable increase in hostility levels among fans of both the winning and losing teams, a result consistent with social learning theory but at odds with, for instance, the aggression-frustration hypothesis. Arms et al. (1979) , using a similar approach to that employed by Goldstein and Arms (1971) , also found support for the social learning hypothesis.
A number of researchers have explored the potentially pivotal role of alcohol consumption by fans. Although a large body of research documents that alcohol consumption can lead to aggressive behavior, there is no consensus as to why (Bushman and Cooper 1990; Ito et al. 1996; Pederson et al. 2000) . There is, however, evidence that frustration intensifies the effect of alcohol on aggressive behavior (Ito et al. 1996) , and speculation that, given certain triggers, intoxicated individuals will be more likely to exhibit what has been termed "displaced aggression" (Pederson et al. 2000) .
College football games are often accompanied by day-long parties and heavy drinking. Neal and Fromme (2007) examined data collected from students attending The
University of Texas at Austin. They found that football game days were associated with substantial increases in the amount of alcohol consumed. Similarly, Glassman et al. (2007) found that college football games days were associated with higher alcohol consumption than other "drinking occasions."
University administrators and NCAA committee members are clearly concerned about the problems caused by excessive drinking at sporting events. In fact, all of the football programs represented in our sample had banned the sale of alcohol in their stadiums before 2000.
There is some evidence that banning alcohol can dampen the relationship between football games and aggressive fan behavior. After the University of Colorado Boulder prohibited stadium alcohol sales, game-day arrests, assaults, and ejections decreased significantly (Bormann and Stone 2001) . Another study showed a decrease in game day drunk-driving arrests after Arizona State University implemented a ban on stadium sales of alcohol (Boyes and Faith 1993) . However, Spaite et al. (1990) found no change in the number of injuries or illnesses reported by medical aid stations after the consumption of alcohol was prohibited in the stadium of a popular collegiate football team. There is strong evidence of a causal link between alcohol consumption and crime outside of the university setting (Carpenter 2005; Saffer 2001; Joksch and Jones 1993) . For instance, Carpenter (2005) used the adoption of restrictive drunk-driving laws to estimate the effect of heavy alcohol use on nuisance crimes (vandalism, drunkenness, disorderly conduct). Consistent with other research in this area, he found a decrease in these types of crime after these laws were implemented. Although campus police agencies can report to the NIBRS, our focus is on the larger community. Of the 26 universities represented in our sample, 12 had campus police agencies that reported offense data to the NIBRS.
The final data set is composed of 14,926 agency-days. A total of 1,516 football games are observed. 11 Ninety-two percent of these games were played on a Saturday, but no game was played on 35 percent of the Saturday observations; 4.8 percent of the games took place on a Thursday, and 4.0 percent took place on other days of the week (Table 2 ).
In the empirical analysis below, we exploit this variation to distinguish day-of-the-week effects from the effect of game days on two Group A offenses (for which incident data are available) and three Group B offenses (for which arrest data are available). These offenses are listed below.
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Group A Offenses:
Assault it = assaults reported by agency i on day t.
Vandalism it = vandalism offenses reported by agency i on day t.
Group B Offenses:
DUI it = arrests for driving under the influence reported by agency i on day t.
Disorderly it = arrests for disorderly conduct reported by agency i on day t.
Liqour Law it = arrests for liquor law violations reported by agency i on day t. 11 Game data set were drawn from the College Football Data Warehouse website (www.cfbdatawarehouse.com). Championship games are coded as away games because they typically take place in a neutral venue. One hundred fifty-six games took place between football programs in the sample, and therefore appeared twice in the data: once as a home game for the football program located in the community in which the game was played, and once as an away game. Deleting these games from the data has no appreciable effect on the results reported below.
12 Table 1 of the appendix provides descriptive statistics for the variables used in the analysis. 
Estimation
We estimate a negative binomial regression model as described by, for instance, Cameron and Trivedi (1986) and Grootendorst (2002) , in which the number of offenses reported, y it , is related to whether a college football game was played by the following equation:
where Home it is equal to 1 if the football program located in the community under agency i's jurisdiction played a home game on day t (and equal to 0 otherwise), and Away it is equal to 1 if the program located in the community under agency i's jurisdiction played an away game on day t (and equal to 0 otherwise); X it includes controls for Thanksgiving and Labor Day, as well as controls for day of the week, holiday weekends, month, and year; v i is a vector of agency fixed effects which capture the influence of time-invariant factors such as region; and exp(ε it ) follows a gamma distribution with mean of 1 and variance σ. If σ is assumed to equal 0, then the negative binomial reduces to the Poisson regression model, which is designed, and commonly used, for count data (Grootendorst 2002) . However, because the hypothesis σ = 0 was consistently rejected at the .01 level, we employed the negative binomial regression model.
The Results
Estimated negative binomial regression coefficients are reported in Table 3 . Our interest is on the relationship between game days and the number of offenses reported in the NIBRS. Although not shown, controls for Thanksgiving, Labor Day, day of the week, holiday weekends, month, and year are included. 16 Agency fixed effects are also included as covariates.
There is no evidence that playing an away game influences the expected number offenses reported by agency i. However, home games are associated with a 9 percent increase in assaults (e .086 =1.090), our best measure of aggressive behavior, and are associated with an 18 percent increase in vandalism (e .161 = 1.175).
17 16 The full results are provided in Table 2 of the appendix.
17 If b is the estimated negative binomial coefficient, then [exp(b) -1] x 100 can be interpreted as the average percent change in E(y it ) from a one unit change in x it , the covariate of interest. In the case of assaults, the estimated binomial coefficient of Home it is 0.086, and (e .086 -1) x 100 = 9.0. In the case of vandalism, the estimated binomial coefficient of Home it is 0.161, and (e .161 -1) x 100 = 17.5. Although Tables 3-7 present estimated negative binomial coefficients, these coefficients are converted to percent changes when the results are discussed in the text.
There is also evidence of a relationship between home games and the number of Group B offenses reported. Specifically, home games are associated with a 13 percent increase in arrests for drunk driving, a 41 percent increase in arrests for disorderly conduct, and a 76 percent increase in arrests for liquor law violations.
The results presented in Table 3 strongly suggest that, in keeping with news reports and other anecdotal evidence, college football games impose a cost on the host community in the form of additional crime. We now address the question of whether the magnitude of this cost can be predicted by the outcome of the game.
According to social learning theory, the relationship between and sporting events and aggression is the result of fans mimicking violence on the field. The outcome of the contest should have no appreciable impact. Likewise, if the results presented in Table 3 are entirely driven by game-day surges in population, we would expect the outcome of the contest to be irrelevant. In contrast, according to the frustration-aggression hypothesis, we should observe the strongest relationship between game days and offenses in the event of a loss.
Our first step in exploring whether the outcome of a game impacts the number of offenses reported is to replace the variables Home it and Away it in equation (1) with four mutually exclusive indicator variables defined as follows:
Home Game Win it = 1 if the program located in the community under agency i's jurisdiction won a home game on day t, and = 0 otherwise.
Home Game Loss it = 1 if the program located in the community under agency i's jurisdiction lost a home game on day t, and = 0 otherwise.
Away Game Win it = 1 if the program located in the community under agency i's jurisdiction won an away game on day t, and = 0 otherwise.
Away Game Loss it = 1 if the program located in the community under agency i's jurisdiction lost an away game on day t, and = 0 otherwise.
The results of this exercise are reported in These estimates suggest that neither social learning theory nor temporary gameday surges in population can fully explain the relationship between college football games and offenses. However, the results presented in Table 4 are far from definitive. In fact, in 4 out of 5 cases we cannot reject the hypothesis that estimated negative binomial coefficient of Home Game Loss it is equal to the estimated coefficient of Home Game
Win it . Losses at home are associated with more arrests for DUI than wins at the .10 level.
Every Sunday during the college football season, the Associated Press publishes a ranking of the top 25 football programs in the United States. It is based on voting by 65 sportswriters and broadcasters from across the country, and is updated weekly. 18 In an effort to further explore the relationship between home games and offenses documented 18 The data are available at: www.appollarchive.com/football/index.
in Tables 3 and 4 , we used the Associated Press rankings to distinguish upsets from other possible outcomes.
An upset win was defined has having occurred if the program located in the jurisdiction of agency i was unranked and beat a program ranked in the top 25 on day t, or if the program located in the jurisdiction of agency i beat a higher-ranked team on day
t. An upset loss was defined as having occurred when the program located in the jurisdiction of agency i was ranked in the top 25 and was beaten by an unranked program on day t, or the program located in the jurisdiction of agency i was beaten by a lowerranked team on day t. Table 5 presents estimates of (1) modified so that the effect of upsets at home on offenses can be distinguished from the effect of other possible outcomes. 19 Although not shown, away-games are also divided into upsets and non-upsets.
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Turning first to the Group A offenses, there is evidence that upsets lead to larger increases in assaults and vandalism than non-upsets. Expected assaults more than double with an upset loss at home, and increase by 36 percent with an upset victory. In contrast, 19 It might be noted that, by definition, games that resulted in an upset involved at least one ranked football program, and as a consequence might have generated more interest and drawn more spectators than games between two unranked teams. In order to control for this phenomenon, we include ten additional variables in X it . The first five are based on the ranking of the football program located in the jurisdiction of agency i: an indicator equal to 1 on game day if the program was ranked in the top 5, and equal to 0 otherwise; an indicator equal to 1 on game day if the program was ranked 6-10, and equal to 0 otherwise; an indicator equal to 1 on game day if the program was ranked 11-15, and equal to 0 otherwise; an indicator equal to 1 on game day if the program was ranked 16-20, and equal to 0 otherwise; and an indicator equal to 1 on game day if the program was ranked 21-25, and equal to 0 otherwise. We also include five measures of the opponent's ranking: an indicator equal to 1 on game day if the opponent was ranked in the top 5, and equal to 0 otherwise; an indicator equal to 1 on game day if the opponent was ranked 6-10, and equal to 0 otherwise; an indicator equal to 1 on game day if the opponent was ranked 11-15, and equal to 0 otherwise; an indicator equal to 1 on game day if the opponent was ranked 16-20, and equal to 0 otherwise; and an indicator equal to 1 on game day if the opponent was ranked 21-25, and equal to 0 otherwise. Allowing for interactions between these sets of ranking measures produced similar results to those reported in Table 5. non-upset losses at home are associated with a (statistically insignificant) 6 percent increase in assaults, and non-upset wins are associated with a 7 percent increase.
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The results for vandalism exhibit a similar pattern. Expected vandalism increases by 61 percent with an upset loss at home, and by 46 percent with an upset win. Games played at home that did not produce an upset are associated with statistically significant, but much smaller increases in vandalism.
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The Group B results provide additional evidence that fan reactions are much stronger when upsets occurred. Expected arrests for disorderly conduct more than double with an upset loss at home, and increase by 93 percent with an upset victory; non-upset losses at home are associated with a (statistically insignificant) 20 percent increase in arrests for disorderly conduct, and non-upset wins are associated with a 25 percent increase in arrests for disorderly conduct. 23 Expected DUIs increase by 77 percent with an upset win at home, and by 57 with an upset loss; non-upset wins at home are associated with a (statistically insignificant) 5 percent increase in DUIs, and non-upset 21 The hypothesis that upsets at home had the same effect on assaults as games at home that did not produce an upset is easily rejected. The hypothesis that upset losses at home had the same effect on assaults as upset wins at home is rejected ( p-value = 0.01), as is the hypothesis that upset wins at home had the same effect as non-upset losses (p-value = 0.03). 22 The hypothesis that upsets at home had the same effect on vandalism as games at home that did not produce an upset is rejected at the .01 level. However, the hypothesis that upset losses at home had the same effect on vandalism as upset wins at home cannot be rejected at conventional levels. 23 The hypothesis that upsets at home had the same effect on arrests for disorderly conduct as games at home that did not produce an upset is rejected at the .01 level. However, the hypothesis that upset losses at home had the same effect on arrests for disorderly conduct as upset wins at home cannot be rejected (pvalue = 0.42).
losses are associated with a 22 percent increase. 24 Likewise, expected arrests for liquor law violations are highest in the event of an upset win or loss. 25 Finally, in Table 6 we explore whether the closeness of the game can predict the number of offenses reported. Specifically, we divide home games into those in which the opponents were separated by eight points or less, and those in which the opponents were separated by more than eight points.
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The results occasionally lend support to the hypothesis that the closeness of the outcome matters. For instance, expected assaults increase by 12 percent with a close home game win, but increase by only 5 percent when the win was not close. The results for vandalism, disorderly conduct, and liquor law violations exhibit a similar pattern.
However, only in the case of disorderly conduct are the differences between close games and games decided by more than eight points statistically significant at conventional levels. Experiments in which a close game was defined as one in which the opponents were separated by three points or less yielded very similar results.
Lagged Effects
Because previous authors such as Phillips (1983) and Miller et al. (1991) have argued that a sporting event can impact behavior days after it takes place, we introduce lagged values of the game variables to our analysis in Table 7 . Specifically, we examine the effect of upsets and non-upsets at home with lags of one and two days. Again, our focus is on home games because up to this point in the analysis there has been little evidence that an away game played by the football program located in agency i's jurisdiction impacts the number of offenses reported by agency i. Table 4 ). In general, there is little support for the hypothesis that football games affect the number of offenses committed beyond the actual day they take place, although there is evidence that expected vandalism increases by 42 percent the day after an upset loss, and expected liquor law violations increased by 34 percent the day after a non-upset loss. These results raise the possibility that games may, under certain circumstances, affect the behavior of fans the beyond midnight and into the following day.
Robustness Checks
A number of robustness checks were conducted. For instance, we interacted day of the week with the month indicators, and, in separate regressions, we controlled for agency-specific linear trends by interacting agency and year with a variable equal to 1 in August, 2 in September, 3 in October, and so forth. None of these experiments produced results qualitatively different from those discussed above. In addition, we created three region variables (Midwest, Southwest, Southeast), which were interacted with the day of the week and month indicators. Again, the negative binomial estimates were qualitatively equivalent to those reported above. Tables 3-7 . Estimated negative binomial coefficients for the 11 programs that were never ranked during this period were much less precise, but nevertheless were of similar magnitude to those presented in Tables 3-7. This pattern of results suggests that the estimates in Tables 3-7 are not being driven by a small subset of programs that are perennially ranked.
Conclusion
Our analysis provides evidence that college football games lead to increases in assaults and vandalism. Home games are associated with a 9 percent increase in assaults, our best measure of aggressive behavior, and an 18 percent increase in vandalism. For the typical agency in our sample, these estimates would translate into an additional 0.5 reports of assault and an additional report of vandalism on a Saturday when a home game was played as compared to a Saturday when no game was played.
It could easily be argued that these effects, although precisely estimated, are quite modest in terms of magnitude. However, we find that upset losses and wins can lead to much larger increases in these types of offenses. According to our estimates, expected assaults increase by 112 percent with an upset loss at home, and by 36 percent with an upset victory. For the typical agency in our sample this would translate into an additional 6.7 reports of assault in the case of an upset loss on a Saturday, and an additional 2.2 reports of assault in the case of an upset win. An upset loss at home on a Saturday is associated with an additional 3.4 reports of vandalism; an upset loss at home is associated with an additional 2.6 reports of vandalism.
The fact that upsets lead to substantially larger increases in assaults and vandalism than non-upsets suggests that social learning theory, which posits that fans are simply mimicking the violence they view on the field, cannot by itself explain why college football and aggressive/destructive behaviors are connected. In addition, the results with regard to upsets can be seen as evidence against the hypothesis that temporary surges in population on game days are the sole factor behind the positive relationship between offenses and home games.
Moreover, our results are not entirely consistent with explanations of fan aggression that predict that fans will be more likely to react aggressively to a loss than to a win (Dollard et al. 1939; Cialdini et al. 1976; Branscombe and Wann 1992; Wann 1993 ). For instance, if fan aggression at football games were simply the result of frustration, then games in which the home team won in an upset (where presumably more spectators were rooting for the home team than for the visiting team) would be associated with fewer assaults than non-upset losses at home. However, the data clearly reject this hypothesis. Although there is evidence that upset losses are associated with a larger increase in assaults than are upset wins, our results clearly indicate that expectations, and what happens to fans' behavior when they are not met, should be explicitly built into future attempts to model the relationship between aggression and sporting events.
Finally, our results indicate that college football games lead to increased arrests for alcohol-related offenses and disorderly conduct (the Group B offenses). Home games are associated with a 13 percent increase in arrests for drunk driving, a 41 percent increase in arrests for disorderly conduct, and a 76 percent increase in arrests for liquor law violations.
Again, in the event of an upset, these figures can be much larger. For instance, upset losses are associated with a 162 percent increase in arrests for disorderly conduct, and upset wins are associated with a 93 percent increase in arrests for disorderly conduct.
For the typical agency in our sample, these figures correspond to an additional 1.5 arrests for disorderly conduct in the event of a Saturday upset loss, and an additional 0.9 arrests for disorderly conduct in the event of an upset win.
The relationship between home games and arrests may, in part, be due to communities choosing to provide extra police protection on game days. However, if this were the only mechanism at work, then it is unlikely that game outcomes such as upsets would be related to the number of Group B offenses. The fact that expected arrests for alcohol-related offenses and disorderly conduct are much higher in the event of upset wins than in the event of non-upsets suggests that fans may be engaging celebratory drinking. Recent work by Carpenter (2005) strongly suggests that alcohol consumption is causally related to crimes such as vandalism and disorderly conduct. Given this result, it is difficult to rule out the possibility that the relationship between college football games and aggressive behavior is entirely driven by alcohol consumption. 
